Summary Reference cultures derived from a transplantable rat mesothelioma were obtained by cloning cells three times in soft agar. Each line, designated "CARM-Lines", was selected on the basis of their epithelial or fibroblastic phenotype, and their uniform morphology.
Primary mesotheliomas of the pleura and peritoneum in man and animals are composite and diverse tumours. They may be predominantly sarcomatous, (indicative of a connective tissue origin), tvbulo-papillary and cystic (predominantly epithelialiand in keeping with a serosal surface neoplasm (Whitwell & Rawcliffe, 1971) ), or variable mixtures of the two cell types. This spectrum of cytodifferentiation can make diagnosis difficult. Unusual human cases have been described with chondrosarcomatous appearance, widespread calcification and attempted bone formation (Goldstein, 1979; Stambaugh et al., 1977) . Similar patterns have been described in tumours induced in rats (Davis, 1974; Johnson et al., 1984) .
A mixed epithelial/sarcomatous pattern is maintained vertically and horizontally in established transplantable rat tumours, despite a strong selective pressure in favour of the dominant cell type imposed by transplantation methods (Wagner et al., 1982) . The appearance of highly mitotic, poorly differentiated "primitive" cells, in early transplanted tumours raised the possible involvement of a distinct population of mesenchymal pleuripotential stem cells, which could presumably differentiate along separate morphological lines.
The morphological spectrum seen in human mesotheliomas may be the result of tumour cell pleomorphism influenced by the proximity of cells to the surface of the tumour (Bolen & Davis, 1974; 1976) where it was also noted that the anatomical site of the tumour may influence its morphology.
The multipotential capability of mesothelioma cells gives rise to the confusion which surrounds the histogenesis of these tumours. This paper describes the cloning of transplantable rat mesothelioma cells in an attempt to determine whether individual mesothelioma cells possess the ability to differentiate along either epithelial or sarcomatous lines.
Materials and methods

Tumour
An intrapleural inoculation of 20mg of UICC crocidolite was used to induce primary mesotheliomas in syngeneic PVG/c Norwegian Hooded rats. One female tumour, Me9/TG3, was chosen for this study. As previously reported (Wagner et al., 1982) of fresh medium and passed through sterile muslin, followed by filtration through 0.75mm thick inert Vyon F nylon filter (Pearce & Ennis, 1980) . Single cell suspensions (SCS) were produced using this technique.
b. Cloning methods The techniques used were based on those described by Courtenay & Mills (1978) . ( x 30) and placed in centrifuge tubes. The tubes were gently centrifuged (750-1000rpm) for 4min and the supernatant discarded. Following each stage of the processing schedule the colonies were centrifuged as above. The cells were secondarily fixed for not more than 10 min in 1% buffered osmium tetroxide and then conventionally processed for EM and embedded in Spurr's resin (Spurr, 1969) .
Small pieces of tumour tissue (1-2 mm2) were fixed by immersion at room temperature for not less than 4 h in 3% buffered glutaraldehyde and secondarily fixed in 1% buffered osmium tetroxide for 40-60min In vivo Routine histology using haematoxylin and eosin stain was carried out on 8 tumours derived from Epithelial "CARM-Lines".
Biological parameters Clonogenicity a. Anchorage independent Cloning efficiency was estimated by careful removal of the semi-solid overlay on to a glass slide and counting under a microscope. Colonies of 50 microns or less were ignored. Results are given as the mean number of clonies per 103 cells plated. Reference cultures at the third cloning are compared to the "parent" line.
b. Anchorage dependent Viable cells (103) were seeded into 5 cm petri dishes. Fresh media was added after 7 and 14 days respectively. The experiment was terminated at 21 days by fixation in 50:50 ethyl alcohol for 20min. Dried petri dishes were stained with 5% crystal violet and counted.
Growth curve Viable cells (105) were seeded into 5cm petri dishes. Triplicate cultures were counted daily for 10 days, with media changes on alternate days, 5 days after seeding. Plated cells were removed with protease. A dye exclusion method using trypan blue was used to estimate the total number of viable cells per dish.
Population doubling time (PDT) PDT was estimated for cells in the exponential growth phase at least 4 days post seeding. The formula used was modified from Smith et al. (1983) . PDT= 0.3xT Log C/P where T is the number of days in culture (in h). C is the number of cells at passage, and P is the number of cells initially seeded. The authors modified the value P to the number of viable cells counted after 1 day in culture, i.e. at the base of the exponential growth phase. (Castor & Naylor, 1969) . At confluence, between 104 and 5 x 104 cellsCcm-2, the cells became more turgid, less spread out and between 10-15 p diameter. (ii) Stellate cell These cells were bi or tri-polar with one or several long filopodia extending 4 or 5 times the mean cell diameter to contact other peripheral cells. These cells were triangular in outline, with a centrally placed nucleus in a uniformly granular cytoplasm. There was no skirt of bland, non-refractive cytoplasm.
Both these changes gave the cells a more mesenchymal appearance as described by others (Castor & Naylor, 1969) . At confluence (-10-13 x 103cm-2 the cultures were of an even polygonal "cobblestone" appearance and uniformly spread on the plastic dish. (Figure 2 ).
Morphology change with in vitro passage
Passage No. 11-14 At these passages the morphological appearance of lines 11 and 12 returned to a mixed phenotype resembling the "parent" line. Solid tumour morphology Ten epithelial lines were tumorigenic when injected into rats s.c. Eight lines formed solid tumours. Electron and light microscopy showed the majority of tumour cells to be of epithelial appearance. The cell surface possessed many slender microvilli which interdigitated with adjcaent cells (Figure 4) . Cell junctions were occasionally identified (Figure 4) . The cytoplasm contained well developed rough endoplasmic reticulum, microfilaments and numerous small mitochondria. Amongst the fairly uniform epithelial cells areas of cartilage were observed in five tumours. The cells within this region had the appearance of chondrocytes ( Figure  5 ). The cytoplasm contained variable amounts of glycogen. Lipid granules were occasionally seen, mitochondria were small and scarce in number while the rough endoplasmic reticulum was well developed.
The nuclei contained dispersed chromatin and were often deeply indented. The cells were located in a lacuna, the ground substance was composed of a loosely arranged meshwork of fine fibrils with irregulary spaced matrix granules. Three remaining lines showed no evidence of chondrogenesis, but one showed the presence of bone formation only. Table I shows that anchorage dependent clonogenicity was the most variable parameter measured. Lines 1 and 12 show increased ability to Figure 5 Electron micrograph of chondrocyte like cell. The cytoplasm contains well developed rough endoplasmic reticulum and fine projection particle into ground substance composed of fine fibrilar material and matrix granules ( x 5,300).
Biological parameters
form colonies after several in vitro passages (Table  I) These data demonstrate that the growth of these cell lines is density dependent. The PDT data demonstrates a 27 h difference in doubling times between sub-confluent cultures and confluent Plating efficiency and anchorage dependent growth are related parameters and probably reflect adaptive change to in vitro conditions. Anchorage dependent clonogenic assay was the only parameter to show marked variation when compared to morphologically mixed parent lines.
Discussion
This study has shown that epithelial CARM-Lines may represent a multipotential sub-population of clonogenic cells, with the ability to differentiate both in vivo and in vitro. These cells may individually respond to intrinsic or extrinsic environmental factors to produce fibroblastic and chrondrocytic cells.
The pleomorphic characteristic of mesenchymal cells, sharing a common histogenic origin, has remained an unresolved issue. In vitro studies on human mesotheliomas described by Stout & Murray (1942) , Castor & Naylor (1969) , and Alvarez-Fernandez & Diez-Num (1979) , have shown that explanted primary tumour material can change with prolonged monolayer culture. Morphological criteria alone were not specific enough to distinguish between contaminating fibroblastic or epithelial stromal elements, and malignant cells with multiple phenotypic expressions. Bolen & Thorning (1980) used electron micrographs from three cases of mesothelioma to demonstrate a spectrum of transitional forms between fibroblastic and epithelial mesenchymal cells.
Experimental work in rats has exhibited this close relationship between the two cell types of these tumours. Extensive transplantation of established primary tumours has confirmed their truly dimorphic nature (Wagner et al., 1982) . The mesothelial origins of these morphologically pure cells derived by cloning methods have not been unequivocally determined. However, on morphological grounds these cells are of similar appearance to the epithelial cells previously described by Wagner et al. (1982) . Davis (1974) , Bolen & Thorning (1980) and Wagner et al. (1982) also described primitive cells which may represent the neoplastic growth fraction of these tumours. On morphological grounds, the clonogenic cells were dissimilar to the primitive cells described in vivo.
